We describe the development of nine microsatellite loci from the gopher tortoise (Gopherus polyphemus). Screening 270 individuals, we found these loci to be highly variable (from two to 15 alleles per locus) and thus likely to be applicable in parentage and populationlevel analyses for G. polyphemus. All nine loci amplified readily in the other three species of Gopherus as well. This observation, together with successful cross amplification of several loci in two additional families (Cheloniidae, Kinosternidae), underscores their potential utility among turtles in general.
Four species of tortoises (genus Gopherus) occur in North America, and each is becoming increasingly threatened or endangered throughout its geographical range (Bury & Germano 1994) . A basic understanding of life history and population genetic parameters is essential for successful management of these species. To that end, molecular surveys examining phylogeographical and broad-scale population genetic structure have been conducted for two of the four species (Osentoski & Lamb 1995; Lamb & McLuckie 2002) . Resolution of fine-scale population genetic variation would no doubt complement these molecular data with respect to current tortoise conservation efforts. Here, we describe nine microsatellite markers developed for the gopher tortoise, Gopherus polyphemus. These loci should find application in both parentage and population-level analyses for all four North American tortoises and, potentially, other turtle species.
A microsatellite-enriched DNA library from the genome of G. polyphemus was developed following a protocol by Severance (2002) , a modification of Fischer & Bachmann 1998) . Total cell DNA was isolated from a single individual G. polyphemus using a NaCl extraction protocol (Mullenbach et al. 1989) . Streptavidin Magnespheres Paramagnetic Particles (Promega), conjugated to three biotin-labelled oligos (5′-(AC) 15 TATAAGATA-3′, 5′-(TC) 15 TATAAGATA-3′ and 5′-(CAA) 15 TATAAGATA-3′; Annovis), were used to isolate DNA fragments containing simple sequence repeats. Microsatellite-enriched DNA was then cloned into a pBSK+ vector (Stratagene) and transformed into NovaBlue Competent Cells (Novagen). Clone insert DNA was amplified via PCR, and cleaned and concentrated using 30 000 MW Amicon Ultrafree-MC filters (Millipore). Amplified DNA was cycle sequenced using the DYEnamic E-T Terminator Cycle Sequencing Premix Kit (Amersham Pharmacia) and electrophoresed on an ABI 310 sequencer (PE Applied Biosystems). Forward and reverse sequences were aligned visually and by using the program sequencher (Gene Codes Corporation).
Primer sequences were chosen using the primer 3 program (http://www-genome.wi.mit.edu/cgi-bin/ primer/primer3_www.cgi) and/or oligo 4.06 Primer Analysis Software (National Biosciences). Seventeen individuals representing geographically distinct populations were amplified with each primer pair. Following amplification, 2.5 µL of PCR product were electrophoresed on a 5% polyacrylamide gel and visualized with ethidium bromide to determine whether the locus was polymorphic. Primers for nine variable loci (one per locus) were synthesized and labelled with fluorescent dyes from Virtual Filter Set C (Integrated DNA Technologies; Amplification of loci in G. polyphemus was achieved via two multiplex reactions. Four loci were amplified simultaneously in 20 µL PCR reactions, with Mix 1 containing 1.5 U Taq polymerase in storage buffer B [20 mm Tris-HCl (pH 8.0), 100 mm KCl, 0.1 mm EDTA, 1 mm DTT, 50% glycerol, 0.5% Nonidet-P40 and 0.5% Tween 20; Promega], 4 µg bovine serum albumin, 2.5 mm MgCl 2 , 1× reaction buffer (50 mm KCl, 10 mm Tris-HCl pH 9.0 at 25 °C, and 0.1% Triton X-100; Promega), 0.213 mm of each dNTP, 15 pm of the primers GP15F and GP15R, 10 pm of the primers GP30F, GP30R, GP55F, GP55R, GP26F and GP26R, and 0.3 -1.0 µL of genomic DNA. Multiplexing Mix 2 contained the same components but varied in primer concentration, with 10 pm of primers GP96F, GP96R, GP61F, GP61R, GP19F and GP19R, and 15 pm of primers GP102F, GP102R, GP81F and GP81R.
Thermal cycling parameters (Omn-e Hybaid) were: 94 °C for 2 min followed by 35 cycles at 94 °C for 30 s (denaturation), 60 °C for 30 s (annealing), 72 °C for 30 s (extension), and a final extension at 72 °C for 30 min. Optimization of multiplexing reactions was not attempted for species other than G. polyphemus. Single locus reactions were sometimes necessary if a locus did not amplify in the multiplexing reaction. Optimized MgCl 2 concentrations and annealing temperature for single locus reactions are described for tested species in Table 2. All reactions contained 1 U of Taq polymerase, 10 pm of the respective primers and 0.2 mm of each dNTP, while keeping the concentration of the other components constant. Depending on the degree of amplification success, 0.25-2.5 µL of PCR product of each individual multiplexed PCR reaction were electrophoresed on an ABI prism 310 sequencer and analysed with genescan.
Some 270 tortoises representing 19 populations were genotyped at each locus. Observed and expected heterozygosities were calculated individually in arlequin (Schneider et al. 2002) for nine populations with greater than 18 individuals (Table 1) . Loci GP26, GP30, GP96 and GP102 had significant (P ≤ 0.01) heterozygote deficiencies in one (GP26 and GP30) or two (GP96 and GP102) of the populations. These deviations are possibly due to null alleles or, alternatively, to admixture, as tortoises are frequently relocated in Florida. Linkage disequilibrium in the nine populations was tested using genepop (Raymond & Rousset 1995) . Of the 36 locus-by-locus comparisons in each of the nine populations, one comparison from a single population was significantly associated at the P ≤ 0.01 level after sequential Bonferroni correction (Rice 1989) .
Samples were analysed using genescan to determine locus variability, and nonvariable loci (i.e. only homozygotes were observed) were sequenced in the forward direction to confirm the presence of microsatellites. All nine microsatellite loci amplified well for the four North American tortoise species of the genus Gopherus (Table 2) . GT ( Moreover, all nine were either variable or were shown to contain a microsatellite. Six loci amplified in Kinosternon baurii, as did three in Chelonia mydas. Two of the six loci were variable in K. baurii and two others were shown to contain microsatellites. We were unable to sequence locus GP102 in K. baurii. We identified one variable locus in a single individual of C. mydas and demonstrated the presence of microsatellites in the other two loci. Microsatellite loci reported here should be useful for population level studies of the North American tortoises. The more variable loci hold potential for parentage analysis in G. polyphemus and possibly for the other three tortoise species as well. Six of the nine loci show varying degrees of conservation across the order Testudines, as indicated by their presence in K. baurii or C. mydas.
